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1 Introduction 



Recently, Seiberg and Witten observed that ordinary and noncommutative gauge fields can be 
induced by the same 2D cr-model action regularized in different ways [p]]. Then they argued that 
ordinary gauge fields should be equivalent to noncommutative gauge theory, which, in a certain 
limit, acts as the low energy effective theory of open stings. Furthermore, they conjectured 
that the noncommutative effective Lagrangian takes the same form as the ordinary Dirac- 
Born-Infeld (DBI) action for the D-brane, except that the product of functions is replaced by 
the star product and Lorentz indices are contracted by the open-string metric G instead of the 
closed-string metric g. The explicit transformation between the ordinary gauge field A and the 
noncommutative one A was given up to order 9 |T|. Even at this order there is an ambiguity 
in the general transformation between A and A, which, however, can be removed by a field 
redefinition of the noncommutative gauge field ||. 

The classical a-model action in a 5-field background has two abelian symmetries: One is the 
£7(1) gauge symmetry A — > A+d A, and the other is the "A-symmetry" A — > A— A, B — > B+dA, 
which keeps B + F invariant. In || it was argued that the U(l) gauge symmetry is enhanced 
to a U(N) when TV /J-branes coincide, while the A-symmetry is believed to act on the U (1) 
part of the U (N) symmetry. In the ordinary DBI Lagrangian, the A-symmetry is manifest. So 
it is natural to ask, whether the noncommutative gauge theory has A-symmetry or not if its 
ordinary counterpart has this symmetry. 

In ref. ]I|] background independence of noncommutative Yang-Mills theory on M n was 
considered. In ordinary Yang-Mills theory, the gauge-invariant combination of B and F is 
M = B + F. The same gauge invariant field M can be split in different ways as B + F or 
B' + F'. In [Q, it was shown that the noncommutative Yang-Mills theory on M n is invariant 
under those different splitting, which was called background independence of the noncommu- 
tative Yang-Mills theory. Of course this is nothing but the A-symmetry in the context of the 
noncommutative Yang-Mills theory. What Seiberg and Witten did in |l[] is that they analysed 
the A-symmetry in the framework of ordinary Yang-Mills theory on noncommutative spacetime. 
Since the ordinary gauge theory on noncommutative spacetime is supposed to be equivalent to 
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noncommutative gauge theory on commutative (i.e., ordinary) spacetime it is interesting to 
see how A-symmetry is realized in noncommutative Yang-Mills theory on ordinary spacetime. 

In the present paper we discuss the background independence of noncommutative Yang- 
Mills theory on M. n from the point of view of the noncommutative gauge theory on ordinary 
spacetime. We first give the explicit expression for the transformation between ordinary U (1) 
gauge fields and noncommutative ones up to second order in #,[] which can be obtained from the 
differential equation given in [JJ . We check the A-symmetry of the noncommutative Yang-Mills 
theory on IR n up to subleading order. We find that for the noncommutative Yang-Mills field 
on ordinary spacetime, the quantity Q = 9F9 — 9 is background dependent for general F, and 
only when F is constant we have Q = — (B + F)" 1 which is background independent. The 
measure d n x\fGjg\ M varies with 9, but the noncommutative Yang-Mills action is invariant 
under A-symmetry if the ordinary field strength F damps fast enough at infinity. We further 
show that the noncommutative DBI action has A-symmetry in the case of small B (i.e., small 
9) up to subleading order. All of this indicates that noncommutative gauge theories, which act 
as low energy effective theories of open strings, indeed possess A-symmetry. 

The paper is organized as follows. In the next section, we first give the expression for 
the noncommutative field strength F(A) in terms of the ordinary A and F up to order 9 2 . 
We examine the quantity Q and the measure d n x\fGj g\ M in the context of noncommutative 
gauge theory on ordinary spacetime. We show that the noncommutative Yang-Mills action 
is background independent. In section 3, we check A-symmetry for the noncommutative DBI 
action for small values of B. In section 4, we present our summary and discussion. 

2 Background independence of noncommutative Yang- 
Mills theory on W 1 

Demanding that ordinary gauge fields that are gauge-equivalent are mapped to noncommutative 
gauge fields that are likewise gauge-equivalent, the transformation between the noncommutative 
1 The expression for A in terms of A up to order 9 2 was given in 0] . 
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gauge field A and the ordinary A can be described by 



A (A) + 5 X A (A) = A (A + 5 X A) 



with infinitesimal A and A (A, A) . 

The equation ([!]) can be solved by expanding it in powers of the noncommutative parameter 
9. The differential equations, which describe how A (9) and X(9) should change when 9 varies, 
are given by 

1 



5 A (9) 
5X (9) 



-59 



ki 



A k * diAi + F u ) + [ diAt +F U )*A 



1 

— < 

4 



-" w 'd k X*A l + A l *d k X 



-59 



ki 



2F ik * F fl + 2F H *F ik -A k *{ D l F u + 



-jl * r ik 



n fij -t- uirij 



- [D l F ii + d l F ij )*A 



(2) 
(3) 

(4) 



Replacing A by A on the right side of the above equations, we get the solutions up to order 9, 
and for U (1) gauge fields we have.Q 



(i) 



ij 



A,-^ Mdl A i + F li) + 0(^) 
Fij - 9 kl (F lk Fij + A^Ftj) + O (9 2 ) 



(5) 



Inserting A^ and F^ into the right hand side of equations (§) and (P we obtain A and F up 
to order 9 2 , 



A, = Ai -- r A k (a,A i + F K ) + 

{A k l8 lAm 8 nAi - (g lFml ) A n + F lm F ni]] + O («■) 

F — F — F9F - 9 kl A k diF + T 6 2 + (9 3 ) 



(6) 
(7) 



with 



T e2 = F9F9F + ~ A k 9 M (d t A m + F lm ) 9 mn d n F + e kl A k d l (F9F) + ~ 9 kl 9 mn A k A m d l d n F (8) 



We are interested in A, especially in F, so we do not calculate A. 



To obtain eqs. (§)-§p, we solved eqs. (0) and perturbatively, and we treat the ordinary F as 
9 independent, which is different from the following discussion about A-transformations, where 
F will vary with 9. 



Now let us consider noncommutative Yang-Mills theory on W 1 . The action is |l] 

L = -^~ I d n xVGG^ 1 (4- - 9rA * (p u - 0" 1 
9ym J \ / \ 

with G and 9 defined by 



(9) 



9 = B-\ G = -Bg- 1 B, (10) 

where we have put l-not 1 = 1 for simplicity. Ignoring total derivatives and constant terms we 
rewrite the action (fj|) as 



L = — 1— [ tTaVGTr (QgQg) (11) 
9ym J ^ ' 

with 

Q = 9F9 (12) 

Hence it is sufficient to show that the action ( ITT] ) is background independent. 

Consider the A-transformation, defined by 

F -> F - 5B = F + 9- 1 599-\ (13) 

which keeps F + B invariant. From ( fL0|) we know that under a A-transformation 9 changes 
as 9 — > + 56*, while the ordinary field strength F transforms as F — > F + 9~ 1 599~ 1 . Here we 
should point out that, even for small 9, we will assume 59 <C 6 1 , and of course we only need to 
keep terms linear in 50. 

Under a A-transformation F changes as 

F{9 + 59) = F + 9~ 1 599~ 1 - (F + 9- 1 599- 1 )(9 + 59)(F + 9- 1 599- 1 ) 
- A k - l -(9- 1 599- 1 ) ks x s (9 + 59) kl d l F 

+ T {e+5e? + 0[{9 + 59f] (14) 
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Collecting the terms linear in 59 we thus obtain 

6F(6) = 9~ 1 599~ 1 - 9^59F - F599' 1 - F59F 

- - (590- 1 ) 1 s x s diF - A k 59 kl diF + H se + higher order terms, (15) 

where Hge represents the 89 order terms coming from T^ g+Sg ^2 — 7^2, which is obtained by 
replacing one of the F's by 6~ 1 566~ 1 or an A, by — ~ (9~ 1 899~ 1 ) i - x J in %2. It has the form 



H se = 9- l 59F9F + F59F + F9F59 9- 1 

+ - A {59 9- 1 ) l k x k (d l A m + F lm )9 mn d n F 

+ -A k 89 kl d l F + \{899~ l ) l k x k d l {F9F) 



4 » 2 

4- F599- 1 ) + 

2 

Inserting (|I(J) into (|H>D, then can be written as 



+ A fc w $ [9~ 1 89F + F500- 1 ) + J (600" 1 )' k x k 9 mn A m d l d n F (16) 



5F(0) = 9- 1 899~ l -9~ l 89F - F899~ l - -(899~ 1 ) 1 k x k d l F 
- ^A k 89 kl d t F + 9- 1 59F9F + F9F599' 1 

+ A fc w Si (9- 1 59F + F599- 1 ) 

+ i^r 1 )'^^^^ (17) 

where the leading order term is 9~ 1 599~ 1 (9~ 2 59) , the subleading order term is 9 _1 59 and the 
third order term is 89. Since the leading order term 9~ 2 59 gives a trivial contribution to the 
variation of the noncommutative Yang-Mills Lagrangian, the subleading order term _1 <50 is 
enhanced to the nontrivial leading order and the 59 terms are lifted to subleading order. 



Before proceeding, we would like to compare 5F (9) defined in fllTD with the variation 5F (9) 
in (pfl), which describes the variation of F under a change of the noncommutative parameter 9 
with the ordinary field strength F kept fixed. Under a A-transformation, on the other hand, 
9 changes, and the ordinary field strength varies simultaneously to keep B + F invariant. In 
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(|TT|), when we vary 9 (induced by changing B) we keep g s and g fixed, and we are sticking with 
point-splitting regularization. In H, Seiberg and Witten argued that one can use a suitable 
regularization which somehow interpolates between Pauli-Villars and point-splitting, then one 
can vary 9 while holding g s , g and B fixed. Thus 8F defined in (|17|) is conceptually different 
from (01). 



The variation of the quantity Q defined in ([12]) is 

8Q = 59-^(599- 1 ) 1 k x k d l (9F9) + i~A k 89 kl d l (9F9) 
+ I {599- 1 ) l k x k {dtAn + F lm ) 9 mn d n (9F9) 

+ l - (599- 1 ) l k x k d l (9F9F9) + l - (599- 1 ) 1 k x k A m 9 mn d l d n (9F9) \ , (18) 

where the first term is of order 59, the second is of order 969, and the terms in the bracket are 
of the order of 9 2 59. 

The noncommutative Yang-Mills action (|Tl~l) can be recast into 



L-— J d n x det -50 Tr (QgQg) , (19) 

where we have exploited the 9 dependence of g\ M and omitted an irrelevant numerical 
factor. Since we study the noncommutative Yang-Mills theory on ordinary spacetime R n , the 
measure d n x is invariant under the change of 9. Then the variation of the noncommutative 
Yang-Mills action is 

2 f _i 

5L = — / d n x det 2 9 5S + higher order terms (20) 
9s J 

with 

5S = 6St + 5S 2 = ~ (Ti9- 1 59) Tr (QgQg) + Tr [(<5Q) gQg\ (21) 

where 5S\ and 8 Si represent the leading and the subleading order, respectively. 

Since F is a total derivative for U(l) gauge fields, 89 in 8Q can be thrown away up to a 
total derivative. The leading order term in 8S is of order 9 3 89, and the subleading order is 9 4 89. 
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At first, let us examine the leading order term 5 Si with 

SSi = -- Tr 9~ 1 59 Tr (9F9g9F9g) 

~ Tr { (666- 1 ) 1 k x k [di (9F0)} g9F9g 
= -- Tr (p~H0) Tr (9F9g6F9g) 



-^[(599- x ) l k x k [d l (9F9gf]] 

total derivative (22) 



where from the second step to the last one we have integrated by parts. Eq. ( 22 ) indicates 
that the noncommutative Yang-Mills action is background independent at leading order if the 
ordinary gauge field A damps fast enough at the infinity 

Next we consider the subleading term SS 2 , which is of order 6 4 58, 

SS 2 = — Tr 9~ x 59 x 2 Tr [OFOgO (-F9F - A k e kl d t F) 9g] 



4 
Tr 



+ Tr 



- 1 - (see- 1 ) 1 k x k dt (9F9) g e {-pep - A m e mn d n p) e g 

~A k 69 kl d t (9F9) + l - (See- 1 ) 1 ,, x k (d t A m + F lm ) e mn d n (9F9) 



geFeg . (23) 



+ 1 (see- 1 ) 1 k x k d l (eFeFe) + l - (see- 1 ) 1 k x k A m e mn d l d n (bfb) 

Putting similar terms together we have 

5S 2 = ^(599- 1 ) l k x k A m 9 mn d l Tr[d n (9F9g)9F9g] 

- - (Tr e^Se) (Tr OF) Tr (eFegBFeg) 
8 

+ — (Tr S9F) Tr (9F9g9F9g) 
16 

+ i (S99~ l ) l k x k (d m A t ) e mn d n [Tr (9F9g9F9g)\ 

- 1 {599~ l ) l k x k (d m A t ) e mn d n [Tr (OFOgOFOg)] (24) 

After integration by parts, we get 

SS2 = total derivative (25) 



which shows that under A-transformation the noncommutative Yang-Mills Lagrangian is in- 
variant up to a total derivative also at the subleading order. 

To compare our result with those in ref. Q, we define the quantity Q by 

Q = Q-O = 0F6-6 (26) 

Under a A-transformation, the variation of Q can be obtained from fll8|) and is given by 

SQ = - l -{566- 1 ) 1 k x k d l {9F6)- l -A k 59 kl d l {9F6) 

+ \ (866- l ) l k x k (d t A m + F lm ) 9 mn d n (9F9) 

+ \ ^99~ X )\x k d l (9F9F9) + ~ (SOB- 1 ) 1 ^A^dfin (9F9) 

+ higher order terms (27) 

which shows that the quantity Q is not invariant under A-transformation for general ordi- 
nary field A up to the subleading order term, but when F is constant, we see 5Q = + 
higher order terms, and in this case Q can be expressed as [|IJ 

Q = -^J, (28) 

where F is constant. 

What we have learned from the above discussion is that when we consider the noncommu- 
tative Yang-Mills theory on ordinary spacetime, the quantity Q generally is not background 
independent, and the measure 

d n xVG 



A M (29) 

should also be background dependent. However, the total noncommutative Yang-Mills action 
is background independent if the ordinary gauge field damps fast enough at infinity. Because 
of the equivalence between ordinary gauge theory on noncommutative spacetime and noncom- 
mutative gauge theory on commutative (i.e., ordinary) spacetime [|J, we believe that in the 
context of ordinary gauge theory on noncommutative spacetime, the quantity Q and the mea- 
sure d n x\fG I ' Qym are background independent individually, which is what Seiberg and Witten 
showed in ref. [0. 
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3 A-symmetry in the noncommutative DBI theory 



In section 2 we have analyzed the A-symmetry of noncommutative Yang-Mills theory, now we 
turn to the noncommutative DBI theory. The open string metric and the noncommutative 
parameter 9 are related to the closed-string metric g and the constant background field B by 
i 

G = g-Bg~ 1 B, 9 = }—B^- (30) 

g + B g-B 

The explicit expression for the mapping between noncommutative gauge fields and ordinary 
ones is valid only for small 9, so we have to restrict our discussion to this situation. From 
(l30|) we see that there are two possibilities to get a small value for 9: Either B is very large 
compared to g, or it is much smaller than g. In the case of large B, as argued in 0, the double 
scaling limit should be imposed to make the model have proper sense, then the corresponding 
noncommutative DBI theory is reduced to the noncommutative Yang-Mills theory. Hence we 
only consider the noncommutative DBI theory for small B. Since at small B 

9 = -g- l Bg- 1 + {g^B) 3 g~ l + O (i? 4 ) (31) 

and the B 2 term is absent, we will see below that it is good enough to use 9 = —g~ l Bg~ l if we 
calculate to subleading order. Then we have 

B = -g9g, G = g-g9g9g, G s = g s det * (l + g^B) (32) 

and their variations under a A-transformation are 

SB = -gS9g, 6G = - (g59g9g + gOgSOg) 

SG S = - l -g s det s (l + g^B) Tr (OgSOg) (33) 
Under a A-transformation F — > F + g59g and the noncommutative gauge field strength is 
F{d + 59) = F + g59g-(F + g59g)(9 + 59)(F + g59g) 



A k ~- {g59g) ks x s 
+ higher order terms 



(9 + 59) kl d l F + X 



(p+sey 



The variation of P under a A-transformation is defined by 

SF (9) = F(9 + 59)-F (9) = g59g - F56F - A k 59 kl d t F 

g 59gF-F9g59g+ l -(g59g) ks x s 9 kl d l F + K e5e (34) 

where the leading and subleading terms are the orders of 59, 969 respectively, and Kgse repre- 
sents the 959 order terms coming from T^ e+Se ^. — %2, which can be obtained by replacing one 
of the 0's by 69 in %2. It can be written as 

K ese = F59F9F + F9F59F + ^A k 59 kl (d l A m + F lm )9 mn d n F 

+ ^A k 9 kl (d l A m + F lm )59 mn d n F 

+ A k 59 kl d t (F5F) + A k 9 H d l (F59F) + 

S9 kl 9 mn A k A m d l d n F. (35) 

Using eqs. (|33"D-(|34|), 5G + 5F can be expressed to subleading order as 

SG + 5F = P 1 (59) + P 2 (959) , (36) 

where Pi (59) and P2 (959) represent the terms with the orders of 59 and 959. They are given 
by 

P 1 (59) = g59g - F59F - A k 59 kl d t F (37) 

P 2 (959) = - g 59g9(g + F)-(g + F)9g59g 

+ - (g59g) ks x s 9 kl d t F + F59F9F + F9F59F 

+ ^A k 59 kl (d l A m + F lm )9 mn d n F 

+ 1 -A k 9 k <(O l A m + F lm )59™8 n F + A k 59 k %(F9F) 

+ A k 9 kl d t (F59F) + 59 kl 9 mn A k A m d l d n F (38) 

The matrix (^G + Fj and the square root of the determinant of G + F, written in terms of 
g and F to subleading order, are 



1 1 



G+F 9+F 



1 + (F9F + 9 kl A k d l F) ' 



9 + 



det 3 (g + p) = det 3 (g + P) 1 1 - I Tr — L; (P#P + A^diF) J 



(39) 
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where the 9 2 term in G is omitted. 



The noncommutative DBI Lagrangian is given by |] 

Cdbi (i) = ^det^ (g + F 
The variation of £ obi under a A-transformation is 



5C 



DBI 



2G S 



det 2 G + F 



26G< 



+ Tr 



1 



5G + 5F 



Inserting (fffi), 
<5£ DB/ 



G s G + F 

and (|36l) -([39|) into (f4l[ ), we have, to subleading order, 

1 



^det^g + F) {l-^Tr 



(FflF + e kl A k d t F) 



9 + F. 



x Tr <^ 9g56g + 



g + F 



Pi (66) 



1 



g + F 



P 2 (959) 



2G. 



+ (F#F + # fc %<9,F) — =Pi (69) 

g + F 

(8C\ + 5/^2) + higher order terms, 



higher order terms 



where 6C 1 is of order 69, and 6C 2 is of order 969. We find 



8C1 = det 2 (g + F) Tr 



g + F 



Pi (50) 



5£ 2 = det 2 (g + F) 



+ Tr 9g69g 



g + F 



Tr ^Tp [F9F + 9 kl A k d l F) 
P 2 (969) + (F#F + fl fc %<9 ; F) 



Tr 



g + F 



Pi (69) 



g + F 



Pi (69) 



First we examine the leading order term 6C 1. Inserting fl37|) into ([E|) we get 

1 



5C 1 = det 2 (g + F) Tr 

= det ^ (g + F) Tr 
+ total derivative, 

where in the second step we used 



g + F 
1 



g + F 



(g69g - F69F - A k 69 kl diF) 
(g69g - F69F) + 69F 



1 



det 5 (g + F) Tr -diF = 2d L det * (g + F) 

g + b 
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and then integrated by parts. Eq. ( f4"5] ) can be further reduced to 



5C i = det 2 (g + F) Tr {50 g) + total derivative 
= total derivative, 



(47) 



where we have exploited that 56 is an antisymmetric matrix and that g is symmetric, thus 
Tr (60g) = 0. 



Eq. (|7) shows that under a A-transformation the leading order term of the variation of 
the noncommutative DBI Lagrangian is a total derivative. 

Next we consider the sub leading order term 5C 2 - Plugging (137]) and (RBI) into (H3) we get 



5C 2 = det? (g + F)- 



+ Tr (9g59g + 



Tr ——(g69g - F59F - A^tyF) 
g + F 



Tr(F9F + 9 kl A k d l F) 



g + Fl 



-g59g9(g + F) - (g + F)9g59g + -(g59g) ks x s 9 kl d l F 



+ F59F9F + F9F59F + l -A k 56 k \ dl A m + + + F ta )W"»fcF 



+A k 59 kt d t (F9F) + A k 9 kl d l (F59F) + 59 kl 9 mn A k A m d l d n F 

+ ^—{F9F + 9 kl A k d l F)^—{g59g - F59F - A m 59 mn d n F)) \ 
r r g + t 1 /J 



(48) 



9 + 

5C 2 seems quite complicated. The strategy that we will use to simplify 5C 2 is to exploit (]4 
and the equation 



2d l d n det * {g + F) = det * (g + F) 

1 



- ( Tr — - — diF) [Ti^—d n F 
2 V 9 + F ) V g + F 



Tr 



dtF—^—dnF ] + Tr - J_^9„F 



(49) 
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and then integrate by parts, keeping terms like d\ (F6F) unchanged. Then we have 



SC, 



det 5 (g + F) < - 



Tr 



(gS9g - F59F) 



Tr 



+ d. 



A k 9 kl Tr 



(gS9g - F59F) 



-di [ A k S9 kl Tr 



— ^—-F9F) 

9 + F J 

— ^—-F9F) 
9 + F J 



9 + F 

+ 2dtd n (A k A m 59 kl 9 mn ) - Tr (9gS9g) 

- (9S9g) ks (di x s ) 9 kl + Tr — - [F59F9F + F9FS9F 

9 + F 

+ A k S9 kl d l (F9F) + A k 9 kl di (FS9F)) 
59 kl 9 mn d n [A k (2<9^ m - d m AA] - 9 kl 59 mn d n [A k (2d x A m - d m A { 



+ Tr — ^—^F9F — ^—^ (g59g - F59F) - Tr —^F9F- ' 



2 + F g+F 



9+F g+F 



A k 59 kl d t F 



+ Tr 



9 kl A k d l F 



g + ~f ^ g5 ° g ~ F50F ) } + total derivative. 



9 + F 

After a straightforward calculation with many cancellations we are left with 

1 



5C> 



Tr 



-FS9F9 



9 



(F59F9F + F9F59F) 



+ 



9 + F 

If we rewrite gS9g — F59F as 



' F9F—^-= (g59g - F50F) 



9 + F 



total derivative. 



0<J00 - F59F = -( g + F)69(g + F) + (g + F) 69g + g69 (g + F) 



we can further simplify ( [51]) and obtain 



5Co = total derivative, 



(50) 



(51) 



(52) 



(53) 



which shows that the subleading order term of the variation of the noncommutative DBI La- 
grangian is a total derivative under A-transformations. 

From the above calculation we have seen that the check of the A-symmetry for the non- 
commutative DBI action is high nontrivial, and we believe that if the ordinary gauge theory 
has A-symmetry, the corresponding noncommutative gauge theory should also possess this 
symmetry. 
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4 Summary and discussions 



So far we have examined the A-symmetry of noncommutative Yang-Mills theory on IR n . We 
have calculated the variation of the noncommutative Yang-Mills Lagrangian including the sub- 
leading order terms. We have found that the leading and subleading order terms in the variation 
of the Lagrangian are total derivatives, which indicates that the noncommutative Yang-Mills 
action is background independent if the ordinary gauge field damps fast enough at infinity. In 
the context of noncommutative Yang Mills theory on ordinary spacetime, we have shown that 
the quantity Q defined in |]J is not background independent for a general gauge field A. Only 
if the field strength F takes the constant value, the quantity Q is background independent. For 
the noncommutative DBI theory we have found that for small B the variation of the noncom- 
mutative DBI Lagrangian under a A-transformation is a total derivative to subleading order. 
Thus, when the ordinary gauge field damps fast enough at the infinity, the noncommutative 
DBI action possesses A-symmetry, which is different from the ordinary DBI theory, where the 
Lagrangian is manifestly A-symmetric. Since our check for A-symmetry of noncommutative 
gauge theories, which act as the low energy effective theories of D-branes, is highly non-trivial, 
we conclude that if the ordinary gauge theory has A-symmetry, its noncommutative counterpart 
should also possess this symmetry. 

In the present paper, the A-transformation is realized in the framework of ordinary gauge 
fields, that is, we express SF in terms of A, F and 6, so that our discussion has to be re- 
stricted to small values of 9. It would be interesting to see whether it is possible to discuss 
A-transformations on noncommutative gauge field directly. In pi it has been shown that A- 
symmetry could be modified in the presence of the B— field, similarly to the A-symmetry. Under 
this deformed A-transformation, the -B-field transforms as: B — > B + dA + i{A, A}mb- It would 
be interesting to study the relation between the deformed A-transformation and the present 
one explicitely. 

Recently, a hybrid point splitting regularization that leads to the Seiberg-Witten description 
including the general two- form <3> was found 0. This suggests an investigation about how the A- 
transformation works in the presence of the general two-form since in this case we have more 
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freedom for the description [T| , which now can be realized within the standard renormahzation 
scheme by some freedom in changing variables. We hope to answer these questions in the near 
future. 
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